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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a nitride semiconductor 
device having high reliability and superior efficiency by 
reducing a threshold level of a laser element mainly made of 
nitride semiconductor and by making a continuous oscillation 
for a long period at a room temperature. 

SOLUTION: After growing an n-type nitrogen semiconductor 
layer, fine irregularities are provided in the surface of the n- 
type nitrogen semiconductor layer, or the n-type nitrogen 
semiconductor is grown so that the fine irregularities may be 
formed in the uppermost surface of the n-type nitrogen 
semiconductor layer after the growth. After that, a threshold 
value of a laser element Is reduced and a continuous oscillation 
for a long period can be obtained in contact with the n-type 
nitrogen semiconductor layer with an unevenness by growing 
an active layer made of a nitrogen semiconductor having a 
guantum structure and containing indium. 
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* NOTICES * 

JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~ ^ " 

[Claim 1] Said barrier layer is a nitride semiconductor device characterized by being formed in contact with n 
mold nitride semi-conductor layer in which detailed irregularity was prepared on the front face in the nitride 
semiconductor device which comes to form the barrier layer which has quantum structure between n mold 
nitride semi-conductor layer and p mold nitride semi-conductor layer. 

[Claim 2] The nitride semiconductor device according to claim 1 characterized by being in within the limits 
whose average level difference of the irregularity of the front face of said n mold nitride semi-conductor layer 
is 10A- 100A. 

[Claim 3] The growth approach of the nitride semi-conductor characterized by having the process into which 
the barrier layer which consists of a nitride semi-conductor which touches the process which prepares 
detailed irregularity in the front face of the n mold nitride semi-conductor layer after growing up n mold nitride 
semi-conductor layer, and n mold nitride semi-conductor layer in which the irregularity was prepared, and has 
quantum structure, and contains an indium is grown up. 

[Claim 4] The growth approach of the nitride semi-conductor characterized by having the process into which 
the barrier layer which consists of a nitride semi-conductor which touches the process into which n mold 
nitride semi-conductor layer is grown up, and n mold nitride semi-conductor layer In which irregularity was 
prepared so that detailed irregularity may be formed in the outermost surface of the nitride semi-conductor 
layer after growth, has quantum structure, and contains an indium is grown up. 

[Claim 5] The growth approach of the nitride semi-conductor according to claim 3 or 4 characterized by being 
in within the limits whose average level difference of the irregularity of said n mold nitride semi-conductor 
layer front face is 10A - 100A. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the growth approach of the nitride semi-conductor which 
constitutes the component which consists of a nitride semi--conductor (InXAIYGal-X-YN, 0 <=X, 0<=Y. 
X+Y<=1) used for photo detectors, such as light emitting devices, such as LED (light emitting diode) and LD 
(laser diode), or a solar battery, and a photosensor, and its component. 
[0002] 

[Description of the Prior Art] The nitride semi-conductor was just put in practical use with the full color LED 
display, the traffic light, etc. as an ingredient of high brightness blue LED and authentic green LED recently. 
Such LED has terrorism structure to the double which has the barrier layer which consists of InGaN which has 
single quantum well structure (SQW:Single-Quantum-Well) between n mold nitride semi-conductor layer and p 
mold nitride semi-conductor layer. Wavelength, such as blue and green, is determined by fluctuating In 
presentation ratio of an InGaN barrier layer. 

[0003] Moreover, these people announced the 410nm laser oscillation in a room temperature in pulse current 
recently using this ingredient (for example, Jpn.J.Appl.Phys.Vol35 (1996) pp.L74-76). The structure of the 
laser component announced to drawing 1 is shown. This laser component is a laser component of the 
electrode stripe mold with which it comes to carry out the laminating of the barrier layer of the multiplex 
quantum well structure (MQW:Multi-Quantum-Well) which consists of a GaN buffer layer, n-GaN, n- 
In0.1Ga0.9N, n-aluminumO.15GaO.85N, n-GaN, and InGaN on silicon on sapphire, p-aluminum0.2Ga0.8N, p-GaN, 
p-aluminum0.15Ga0,85N, and p-GaN to order. Similarly stripe-like n electrode is formed in n-GaN on the 
buffer layer exposed to the p mold GaN of the maximum upper layer by stripe-like p electrode and etching. 
This laser component has the threshold current of 610mA, threshold-current consistency 8.7 kA/cm2. 
threshold voltage 21V, a current in a threshold, and a quite high electrical potential difference in pulse current 
(2 microseconds of pulse width, 2ms of pulse periods). In order to carry out room temperature continuous 
oscillation, it is necessary to realize a component with still higher luminous efficiency for which this threshold 
current and an electrical potential difference fall. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, with the nitride semi-conductor. LED is contained in the 
utilization region, the more and more improvement in luminous intensity and a longevity life are desired, and 
continuous oscillation in an early room temperature is desired in LD. It is necessary to improve the structure 
of the component itself for that purpose, and to raise the property of a nitride semiconductor device. It is 
most intelligible to reduce the threshold of the laser component most used by the severe condition for that 
purpose, and to carry out continuous oscillation of the laser component. Therefore, by reducing the threshold 
of the laser component which mainly consists of a nitride semi-conductor, and carrying out long duration 
continuous oscillation at a room temperature, the place made into the purpose of this invention is reliable, and 
is to realize the nitride semiconductor device excellent in effectiveness. By realizing this, coincidence can be 
raised and the light-receiving efficiency of element, such as a solar battery and a photosensor, can also raise 
the luminous efficiency of LED to it. Therefore, in this invention, the structure of a new nitride semiconductor 
device and the growth approach of the nitride semi-conductor which constitutes the component are offered. 
[0005] 

[Means for Solving the Problem] The nitride semiconductor device of this invention is characterized by forming 
said barrier layer in a front face in contact with n type layer in which detailed irregularity was prepared in the 
nitride semiconductor device which comes to form the barrier layer which has quantum structure between n 
mold nitride semi-conductor layer (henceforth n type layer), and p mold nitride semi-conductor layer 
(henceforth p type layer). With quantum structure, in addition, single quantum well structure (SQW:Single- 
quantum-Well), As [ show up / the quantum effectiveness of nitride semi-conductors, such as MOW, a 
quantum dot, and a quantum box, ] If it is specifically [ mean the barrier layer in which single thickness was 
formed by very thin thickness, and ] SOW, thickness 70A or less. Mean the barrier layer which consists of a 
single well layer 50A or less still more preferably, and if it is MOW A barrier layer is formed by thickness 100A 
or less still more preferably, and means 1 50A or less of barrier layers which come to carry out two or more 
laminatings of a barrier layer and said well layer. A quantum box and a quantum dot point out the condition of 
a part of thin well layer of the thickness of a barrier layer and/or barrier layer carrying out phase separation, 
and forming the indium rich field with many indiums, and the indium-poor field with few indiums, and an indium 
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rich field and an indium-poor field being regularly located in a line on a flat surface, and forming the quantum 
box. Or although it is called a quantum dot or a quantum box here also including that in which the thickness of 
the well layer produced by In rich field and In poor field is uneven in a field, and a carrier is confined in field 
inboard, about a quantum box and a quantum dot, it explains in full detail behind. 

[0006] In the semiconductor device of this invention, the average level difference of the irregularity of n type 
layer currently formed in contact with the barrier layer is characterized by being in within the limits which is 
10A - 100A. In addition, a concavo-convex average level difference can be determined by measuring the 
surface roughness of the nitride semi-conductor layer. 

[0007] It is characterized by having the process into which the barrier layer which consists of a nitride semi- 
conductor which the growth approach of the nitride semi-conductor of this invention consists of two kinds of 
modes, and the 1st mode touches the process which prepares detailed irregularity in the front face of the n 
type layer after growing up n type layer, and n type layer in which the irregularity was prepared, and has 
quantum structure, and contains an indium is grown up. 

[0008] The 2nd mode of the growth approach of this invention is characterized by having the process into 
which the barrier layer which consists of a nitride semi-conductor which touches the process into which n 
type layer is grown up. and n mold nitride semi-conductor layer in which irregularity was prepared so that 
detailed irregularity may be formed in the outermost surface of the nitride semi-conductor layer after growth, 
has quantum structure, and contains an indium is grown up. 

[0009] Furthermore, in the 1st mode and 2nd mode of the growth approach of this invention, it is 
characterized by being in within the limits whose average level difference of said irregularity is 10A - 100A. 
[0010] 

[Embodiment of the Invention] The typical sectional view expanding and showing the structure near the barrier 
layer of the nitride semiconductor device of this invention In drayying 2 is shown. As for the nitride 
semiconductor device of this invention, irregularity with a barrier layer detailed on n type layer front face 
formed is prepared. If the barrier layer which has quantum structure on this n type layer is grown up, 
irregularity will occur also on the surface of a barrier layer. The thickness of the single well layer of the barrier 
layer which constitutes quantum structure is very as thin as 70A or less. When such single thickness grows up 
a film into the front face of irregular n type layer very much, a barrier layer is in the inclination which inherits 
the property and Irregularity generates and which the ununiformity of a presentation tends [ further ] to 
produce in a barrier layer with the irregularity. That is, if a barrier layer is grown up on the irregularity of n 
type layer, by field inboard, according to the band gap difference of a layer with n type layer and p type layer, 
the carrier poured into the barrier layer (well layer) will serve as a form by which the carrier was confined in 
the longitudinal direction, and will become the same as that of a quantum box or quantum dot structure, and 
its output will improve sharply. 

[001 1] Drawing. 2 shows that it is also by O mark about a carrier, and shows the condition of having been shut 
up in n type layer to which the carrier exists in the longitudinal direction of a barrier layer. Thus, when 
irregularity is made in n type layer, the presentation ununiformity of In becomes easy to happen and the 
barrier layer containing In is in the inclination which can become easy to do In poor field with few In contents, 
and In rich field with many In contents. Or when the barrier layer containing In is grown up on n type layer, 
InGaN is in the Inclination for the thickness of an InGaN barrier layer to become an ununiformity, for example, 
when a lifting and the phase separation to like occur phase separation at the time of growth. For this reason, 
even If the irregularity of lower n type layer is small, it will be in the inclination for the irregularity of a barrier 
layer to become large further, with the irregularity by the phase separation of this InGaN. For this reason, the 
carrier by irregularity shuts up the quantum dot made to the barrier layer, or a quantum box, and it consists of 
effectiveness and two effectiveness by In presentation separation. And In rich field and the poor field are 
made as mentioned above in this InGaN concave convex domain. That is, that an indium presentation is 
uneven in the field of the barrier layer which has at least one well layer means that the InGaN field (In rich 
field. In PUA field) where band gaps differ in the direction of a field of a single well layer exists, and the slight 
closing depth of the carrier of the longitudinal direction which happens with irregularity exists in field inboard 
further. Therefore, the carrier poured into the barrier layer receives the slight closing depth of the longitudinal 
direction by In rich field or irregularity. This is equivalent to the effectiveness that the carrier was shut up in 
three dimensions. That is, a barrier layer is equivalent to a quantum box and the quantum dot effectiveness. 
[001 2] Furthermore, the electronic carrier and electron hole carrier which were poured into the barrier layer 
other than the quantum dot effectiveness receive the slight closing depth of the longitudinal direction of the 
carrier by In rich field of a well layer, or irregularity, it localizes in three dimensions, and a localization exciton 
or BAIEKISHITON is formed, and the output may be raised while being assistance for which the threshold of 
laser is reduced. As compared with a poor field, many carriers exist In In rich field, and an electronic carrier 
and an electron hole carrier carry out localization, and carry out luminescence based on an exciton, or 
luminescence based on BAIEKISHITON. That is. In rich field constitutes a quantum dot or a quantum box. 
Therefore, since the barrier layer of the quantum structure which consists of InGaN formed in the front face 
of irregular n type layer becomes easy to constitute a quantum dot or a quantum box, it is guessed that an 
output improves sharply. Therefore, when it constitutes a barrier layer from quantum well structure like single 
quantum well structure (SQWiSingle quantum well) and multiplex quantum well structure (MQW:Multi quantum 
well), it is required to have the well layer which consists of a nitride semi-conductor included In at least, and 
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70A or less of thickness with a desirable single well layer is adjusted to thickness 50A or less still more 
preferably. In MOW, a barrier layer is constituted from a nitride semi-conductor layer with larger bandgap 
energy than a well layer, and 150A or less of thickness is adjusted to 100A or less still more preferably. 
[0013] 10A or more of 60A or less of concavo-convex level differences of n type layer front face where the 
effectiveness of a barrier layer which was described above shows up most notably is 10A or more and 40A or 
less most preferably to 10A or more, 100A or less, and a pan. When smaller than 10A. the normal energy level 
of a quantum dot overflows the energy barrier of a barrier layer in energy, and it is in said quantum dot and 
the inclination for effectiveness of a quantum box to be unable to show up easily. Moreover, when larger than 
100A, the crystallinity of a barrier layer worsens and it is in the inclination for a radiant power output to 
decline. 

[0014] A dope of n mold impurity of the same class as n type layer by which irregularity was formed in such a 
barrier layer further again reduces a threshold current further with a laser component. If n mold impurity is 
doped to a barrier layer, the energy level of impurity level will be further formed between a conduction band 
and a valence band. Therefore, an electronic carrier falls to the energy level of deeper impurity level, and an 
electronic carrier and an electron hole carrier recombine it there, and it emits smaller energy hnu'. An 
electronic carrier localizes this further and it is guessed that it is that to which the threshold of a nitride 
semiconductor device, especially a laser component falls according to the effectiveness of this exciton that 
localized further and was formed. Moreover, since the impurity same also as a barrier layer and n type layer is 
contained, a bad Influence is not done even if an impurity is spread between mutual layers, as n mold impurity 
— the [, such as Si, germanium, and Sn, / periodic table ] — the [ 4A group and ] — the [ 4B group and ] — 
the [ 6A group and ] — although a kind of element chosen from 6B group is mentioned at least, Si is used 
especially preferably. 

[0015] In the 1st mode of the growth approach of this invention, after growing up n type layer, in order to 
prepare detailed Irregularity In the front face of the n type layer, there are the following approaches. 
[0016] The 1st is a means to etch n type layer front face. Although it roughly divides into etching and dry 
etching and wet etching occur, dry etching is used preferably. Equipments, such as reactive ion etching (RIE). 
reactant ion beam etching (RIBE). electron cyclotron resonance etching (ECR). ion milling, and photo excited 
etching, are mentioned to dry etching. It is equipment which introduces gas into the etching interior of a room, 
is made to activate the gas, and etches a nitride semi-conductor, and all can adjust surface roughness by 
choosing the class of gas suitably. For example, if it is RIE, a nitride semi-conductor can be etched in an 
ambient atmosphere including activity Si and activity CI. If it is wet etching, the mixed acid of a phosphoric 
acid and a sulfuric acid can be used, for example. 

[001 7] The 2nd is a means which grinds n type layer front face (wrapping, polishing). There are a diamond, SiC, 
WC, etc. as an abrasive material. The grain size of the abrasive material at the time of polish, the polishing 
pressure force, etc. are adjusted suitably, and detailed irregularity is prepared in the front face of n type layer. 

[001 8] Moreover, in order to grow up n type layer so that detailed irregularity may be formed in the outermost 
surface of the nitride semi-conductor layer after growth, it can be made to grow up by the following 
approaches in the 2nd mode of the growth approach of this invention. 

[0019] First, n mold impurity is doped so much in the n type layer just before n type layer growth termination, 
and the method of growing up n type layer which finally contains an impurity so much is in the 1st. Although 
especially the thickness of the layer which contains an impurity so much does not limit, it is desirable to aoOust 
so that it may become 1000A or less. When the layer which doped many impurities rather than 1000A Is 
formed. It is in the inclination for the crystallinity of the n type layer itself to worsen too much, and it to 
become difficult to grow up a crystalline good barrier layer. The desirable amount of dopes of n mold impurity 
is most preferably adjusted to three or more 1x1020-/cm three or more 1x1019-/cm still more preferably 
three or more 1x1018-/cm. 

[0020] Next, n type layer crystal growth rate is early carried out Just before n type layer growth termination, 
and the approach of worsening crystallinity is in the 2nd rather than n type layer grown up until now 
intentionally. According to this approach, especially the thickness of the layer which brings a growth rate 
forward is not limited, either, but It is desirable to adjust to 10A or more and 1000A or less. Although it 
changes also with crystal growth approaches, it is made to grow up by one 10 times [1.5 times to ] the growth 
rate of this by the MOVPE method as a growth rate as compared with the crystal growth rate grown up until 
now. 

[0021] for growing up a nitride semi-conductor — for example, metal-organic chemical vapor deposition 
(MOVPE), molecular-beam vapor growth (MBE), organic metal molecular-beam vapor growth (MOMBE). and 
hallde vapor growth (HDVPE) — the growth approaches of the nitride semi-conductor by which the 
conventional proposal is made, such as law, can be used. 
[0022] 

[Example] The process which produces hereafter the laser component which starts the component of this 
invention by the MOVPE method, and which consists of a nitride semi-conductor is explained in full detail, 
referring to a drawing. 

[0023] [Example 1] drawing 3 Is the typical sectional view showing the structure of the laser component by 
one example of this invention, and shows drawing at the time of cutting a component in a perpendicular 
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direction to the resonance direction of a laser beam. 

[0024] After setting the substrate 1 which consists of sapphire (C side) in a reaction container and permuting 
the inside of a container enough from hydrogen, hydrogen raises the temperature of a substrate to 1050 
degrees C with a sink and a substrate is cleaned. The sapphire which makes a principal plane the Rth page 
besides a sapphire C side and the Ath page, and other insulating substrates like a spinel (MgA 1204) can be 
used for a substrate 1. In an insulating substrate, the laser component obtained serves as the structure where 
n electrode and p electrode were formed in the same side side. It can also consider as the structure of 
preparing n electrode and p electrode in the nitride semi-conductor layer which exists up and down, using 
semi-conductor substrates, such as SiC (6H. 4H, and 3C are included), ZnS and ZnO besides an insulating 
substrate, GaAs, and GaN, and n and p two electrodes can also be formed in the nitride semi-conductor layer 
by the side of the same side like an insulating substrate. 

[0025] Then, temperature is lowered to 510 degrees 0, hydrogen is used for carrier gas, ammonia and TMG 
(trimethylgallium) are used for material gas, and the buffer layer 2 which consists of GaN on a substrate 1 is 
grown up by about 200A thickness. AIN, GaN. AIGaN, etc. are 900 degrees C or less in temperature, and can 
form a buffer layer by the 10A - hundreds of A thickness number. Although it is formed in order that this 
buffer layer may ease the lattice constant injustice of a substrate and a nitride semi-conductor, it is also 
possible to omit according to the growth approach of a nitride semi-conductor, the class of substrate, etc. 
[0026] Only TMG is stopped after buffer layer 2 growth, and temperature is raised to 1030 degrees C. If it 
becomes 1030 degrees 0, similarly, TMG and ammonia gas will be used for material gas, silane gas will be used 
for impurity gas, and 5 micrometers of Si dope n mold GaN layers which doped Si 8x1018-/cm3 will be grown 
up with the speed of 800A / min as an n mold contact layer 3. By being able to constitute n mold contact 
layer from In)(AIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1), and constituting from GaN, InGaN, and GaN that doped Si 
or germanium also in it especially, n type layer with high carrier concentration is obtained, and n electrode and 
desirable ohmic contact are acquired. OMIKKU with a metal or alloys desirable as an ingredient of n electrode, 
such as aluminum, Ti, W, Gu, Zn, Sn, and In, is obtained. 

[0027] Next, temperature is made into 800 degrees G, silane gas is used for material gas at TMG, TMI 
(trimethylindium), ammonia, and impurity gas, and the crack prevention layer 4 which similarly consists of Si 
dope InO,1Ga0.9N which doped Si 8x1018-/cm3 with the growth rate of 800A / min is grown up by 500A 
thickness. The nitride semi-conductor of n mold containing In, and by making it grow up by InGaN preferably, it 
becomes possible to grow up n mold cladding layer 5 containing aluminum grown up into a degree of this crack 
prevention layer 4 with a thick film, and it is very desirable. In the case of LD. it is necessary to grow up an 
optical confinement layer and the becoming layer by thickness 0.1 micrometers or more preferably. Although 
component production was difficult in the former since the crack went into AIGaN grown up later when AIGaN 
of a thick film was directly grown up on GaN and an AIGaN layer, it can prevent that a crack goes into n mold 
cladding layer 5 in which this crack prevention layer 4 contains aluminum grown up into a degree. In addition, 
as for this crack prevention layer, it is desirable to make it grow up by thickness (100A or more and 0.5 
micrometers or less). If thinner than 100A. it will be hard to act as crack prevention as mentioned above, and 
when thicker than 0.5 micrometers, it is in the inclination for the crystal itself to be discolored in black. 
Although this crack prevention layer 4 is also omissible depending on the conditions of the growth approach, 
growth equipment, etc., when producing LD, make it in addition, more desirable to grow up. This crack 
prevention layer 4 may be grown up into n mold contact layer 3. 

[0028] Next, temperature is made into 1030 degrees C, TMA (trimethylaluminum), TMG, NH3, and SiH4 are 
used for material gas. and n mold cladding layer 5 which similarly consists of Si dope n mold 
alumlnum0.2Ga0.8N which doped Si 8x1018-/cm3 with the growth rate of 800A / min is grown up by 0.5- 
micrometer thickness. As for this 1st n mold cladding layer 5, it is desirable the nitride semi-conductor which 
acts as a carrier confining layer and an optical confinement layer, and contains aluminum as mentioned above, 
and to grow up AIGaN preferably, and it can form a crystalline good carrier confining layer by growing up still 
more preferably 100A or more 2 micrometers or jess by 500A or more and 1 micrometer or less. 
[0029] Then, similarly 0,2 micrometers of n mold lightguide layers 6 which consist of an Si dope n mold GaN 
which doped 1030 degrees C and Si 8x1018-/cm3 are grown up with the growth rate of 800A / min. As for 
this n mold lightguide layer 6, it is desirable to act as a lightguide layer of a barrier layer and to grow up GaN 
and InGaN, and it is usually desirable to make it grow up by 200A - 1 micrometer thickness still more 
preferably 100A - 5 micrometers. 

[0030] After returning the temperature after lightguide layer 6 growth and in a reaction container to a room 
temperature, a wafer is taken out and it transports to an RIE system. Subsequently, with an RIE system, the 
whole front face of n mold lightguide layer 6 is slightly etched using CI2 and SiCI4 gas. After etching 
termination, when the front face of n mold lightguide layer was observed with the force electron microscope 
between atoms, about 30A surface roughness has been measured. 

[0031] After etching, a wafer is again transported to a reaction container, TMG, TMI. ammonia, and silane gas 
are used for material gas, and a barrier layer 7 is grown up. A barrier layer 7 holds temperature at 800 degrees 
0, and grows up the well layer which consists of In0.2Ga0.8N which doped Si in 8x1018-/cm3 first by 25A 
thickness. Next, the barrier layer which consists of InO.01 GaO,95N which doped Si 8x1018-/cm3 at the same 
temperature only by changing the mole ratio of TMI is grown up by 50A thickness. This actuation is repeated 
twice and the barrier layer 7 of the multiplex quantum well structure which carried out the laminating of the 
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well layer to the last is grown up. n mold impurity of a barrier layer may be doped to both a well layer and a 
barrier layer like this example, and may be doped to either. 

[0032] Next, temperature is raised to 1050 degrees C and p mold cap layer 8 which bandgap energy becomes 
from a barrier layer from large Mg dope p mold aluminum0.1GaO.9N is grown up by 300A thickness using TMG, 
TMA, NHS. and Cp2Mg (magnesium cyclopentadienyl). Although this p mold cap layer 8 was used as p mold, 
since thickness is thin, it is good also as an i mold with which n mold impurity was doped and the carrier was 
compensated, and let it be p mold most preferably. 0.1 micrometers or less of 500A or less of thickness of p 
mold cap layer 8 are most preferably adjusted to 300A or less still more preferably. It is because a crack 
becomes easy to enter into p mold cap layer 8 and a crystalline good nitride semi-conductor layer cannot 
grow easily, if it is made to grow up by thickness thicker than 0.1 micrometers. It becomes impossible 
moreover, for a carrier to pass this energy barrier according to the tunnel effect. Moreover, if AIGaN with the 
larger presentation ratio of aluminum forms thinly, it will become easy to oscillate LD component. For example, 
if Y values are 0.2 or more AIYGal-YN(s), adjusting to 500A or less is desirable. Although especially the 
minimum of the thickness of p mold cap layer 8 does not limit, it is desirable to form by thickness 10A or 
more. 

[0033] Then. P mold lightguide layer 9 which bandgap energy becomes from the Mg dope p mold GaN smaller 
than p mold cap layer 8 at 1050 degrees G is grown up by 0.2-micrometer thickness. As for this layer, it is 
desirable to act as a lightguide layer of a barrier layer and to make it grow up by GaN and InGaN as well as n 
mold lightguide layer 6. Moreover, this layer acts as a desirable lightguide layer by acting also as a buffer layer 
at the time of growing up p mold cladding layer 10, and growing up 100A - 5 micrometers by 200A - 1 
micrometer thickness still more preferably. 

[0034] Then, p mold cladding layer 10 which bandgap energy becomes from larger Mg dope p mold 
alumlnum0.2Ga0.8N than p mold lightguide layer 9 at 1050 degrees 0 is grown up by 0.5-micrometer thickness. 
As well as n mold cladding layer 5, as for this layer, it is desirable the nitride semi-conductor which acts as a 
carrier confining layer and an optical confinement layer, and contains aluminum, and to grow up AIGaN 
preferably, and it can form a crystalline good carrier confining layer by growing up still more preferably 100A or 
more 2 micrometers or less by 500A or more and 1 micrometer or less. 

[0035] In the case of the barrier layer 7 of quantum structure which has the well layer which consists of 
InGaN like this example, the barrier layer 7 is touched. In the location which formed p mold cap layer 8 
containing aluminum of 0.1 micrometers or less of thickness, and is distant from a barrier layer from the p 
mold cap layer 8 p mold lightguide layer 9 with BADDO gap energy smaller than p mold cap layer 8 is formed. 
It is very more desirable than the p mold lightguide layer 9 to form p mold cladding layer 10 which consists of a 
p mold lightguide layer 9 from the nitride semi-conductor containing aluminum with a large band gap in the 
location distant from the barrier layer. And since the thickness of p mold cap layer 8 is thinly set up with 0.1 
micrometers or less, the electron hole which did not act as barrier of a carrier and was poured In from p layers 
can pass through p mold cap layer 8 according to the tunnel effect, and recombines efficiently by the barrier 
layer, and the output of LD improves. That is. since a carrier does not overflow a barrier layer but it is 
prevented in p mold cap layer 8 whether the temperature of a semiconductor device rises since the poured-in 
carrier has the large bandgap energy of p mold cap layer 8, or an inrush current consistency increases or. a 
carrier accumulates in a barrier layer and becomes possible [ emitting light efficiently ]. Therefore, since it is 
rare for luminous efficiency to fall even if a semiconductor device carries out a temperature rise, low LD of a 
threshold current is realizable. In addition, in this invention, although the upper layer showed the most 
desirable configuration that is easy to oscillate with a nitride semi-conductor from the barrier layer 7 when LD 
was created, this invention does not prescribe especially the configuration of upper p type layer from a barrier 
layer. 

[0036] Finally, p mold contact layer 1 1 which consists of a Mg dope p mold GaN at 1050 degrees 0 on p mold 
cladding layer 10 is grown up by 0.5-micrometer thickness, p mold contact layer 1 1 can be constituted from 
InXAIYGal-X-YN (0 <=X, 0<=Y. X+Y<=1) of p mold, and GaN which doped Mg preferably, then the p electrode 
21 and the most desirable ohmic contact are acquired. In addition, as an ingredient of p electrode with which p 
mold contact layer and desirable OMIKKU are obtained, nickel, Pd, nickel/Au, etc. can be mentioned, for 
example. 

[0037] Temperature is lowered to a room temperature after reaction termination, annealing is further 
performed for a wafer at 700 degrees O in a reaction container among nitrogen-gas-atmosphere mind, and p 
type layer is further formed into low resistance. 

[0038] As a wafer is picked out from a reaction container after annealing and it is shown in drawing 3 , it is 
alike with an RIE system, p mold contact layer 1 1 and p mold cladding layer 10 of the maximum upper layer are 
etched more, and it considers as the ridge configuration which has stripe width of face of 4 micrometers. Thus, 
by making p type layer above a barrier layer into a stripe-like ridge configuration, luminescence of a barrier 
layer comes to concentrate on the bottom of a stripe ridge, and a threshold falls. It is desirable to make the 
layer more than p mold nitride semi-conductor layer containing aluminum especially above a barrier layer into 
a ridge configuration. As a mask is formed in a ridge front face after ridge formation and it is shown in drawing 
.3 , it is made bilateral symmetry to a stripe-like ridge, and the front face of n mold contact layer 3 is exposed. 
[0039] Next, the p electrode 21 which consists of nickel and Au is formed in the front face of p mold contact 
layer 1 1 in the shape of a stripe, the n electrode 22 which consists of Ti and aluminum on the other hand — 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



06/07/14 



• JP,10-145002.A [DETAILED DESCRIPTION] 



6/7 V 



stripe-like n mold contact layer 3 — it forms in the whole surface mostly. In addition, the whole surface means 
80% or more of area mostly. 

[0040] Next, as shown in drawing 3 , the insulator layer 30 which consists of Si02 is formed in the front face 
of the nitride semi-conductor layer exposed between the n electrode 22 and the p electrode 21, and the pad 
electrode 23 electrically connected with the p electrode 21 through this insulator layer 30 is formed. This pad 
electrode 23 extends the surface area of the substantial p electrode 21, and has the operation which can be 
made to carry out wire bonding of the p electrode side. 

[0041] The wafer which formed n electrode and p electrode as mentioned above is transported to polish 
equipment, the silicon on sapphire 1 of the side which does not form the nitride semi-conductor is wrapped 
using a diamond abrasive material, and thickness of a substrate is set to 50 micrometers. After wrapping, it 
polishes 1 micrometer by the still finer abrasive material, and a substrate front face is made into the shape of 
a mirror plane. 

[0042] The scribe after substrate polish and of the polished surface side is carried out, cleavage is carried out 
to the shape of a bar in a direction perpendicular to a stripe-like electrode, and a resonator is produced to a 
cleavage plane. In addition, a cleavage plane is [External Character 1] of a nitride semi-conductor side which 
grew on silicon on sapphire. 
(1 I 00) 

It considers as a field. Outside, in the 1st page, when a nitride semi-conductor is approximated with the 
hexagonal system of a forward hexagonal prism, it is a field equivalent to the field (Mth page) of the square 
equivalent to the side face of the hexagonal prism. In addition, an end face can be etched with dry etching 
means, such as RIE, and a resonator can also be produced. Moreover, it is also possible to carry out mirror 
polishing of the cleavage plane, and to create it in addition to this. 

[0043] The dielectric multilayers which consist of Si02 and Ti02 were formed in the resonator side after 
cleavage, and finally, in the direction parallel to p electrode, the bar was cut and it considered as the laser 
chip. Next, when the chip was installed in the heat sink by face up (condition which the substrate and the heat 
sink countered), wire bonding of each electrode was carried out and laser oscillation was tried at the room 
temperature, in the room temperature, by threshold-current consistency 1 .5 kA/cm2 and threshold voltage 
6V, continuous oscillation with an oscillation wavelength of 405nm was checked, and the continuous oscillation 
for three days was checked. 

[0044] In the [example 2] example 1, the front face of n mold lightguide layer 6 is slightly polished after n mold 
lightguide layer 6 growth using the abrasive material containing diamond powder. Similarly after polishing, when 
the front face of n mold lightguide layer was observed, about 50A surface roughness has been observed. When 
the barrier layer, p type layer, etc. were grown up like the example 1 and it similarly considered as the laser 
component after that, the continuous oscillation for two days was checked in threshold-current consistency 
1.5 kA/cm2 and threshold voltage 6V. This is imagined to be that to which the life fell a little when the 
concavo-convex level difference became large. 

[0045] The process into which n mold lightguide layer 6 is grown up in the [example 3] example 1 is performed 
as follows. That is, temperature is held at 1030 degrees C and, similarly 0.16 micrometers of n mold lightguide 
layers 6 which consist of an Si dope n mold GaN which doped Si 8x1018-/cm3 are grown up with the growth 
rate of 800A / min. The flow rate of only silane gas is made [ many ], a lightguide layer is continuously grown 
up for 30 seconds, without stopping TMG gas and ammonia gas, and Si is doped for the lightguide layer of the 
last thickness for 400A by high concentration at the same time 0.16 micrometers grew. Si concentration of n 
mold lightguide layer for 400A of this last was 1x1021-/cm3. It was 40A. when the wafer was picked out from 
the reaction container after growth and surface roughness was measured like the example. When the rest grew 
up the barrier layer and p type layer and produced the laser component on this n mold lightguide layer like the 
example 1, it has produced the laser component which has a property almost equivalent to an example 1, 
[0046] The process into which n mold lightguide layer 6 is grown up In the [example 4] example 1 is performed 
as follows. Similarly n mold lightguide layer 6 which consists of an Si dope n mold GaN which held temperature 
at 1030 degrees C and doped Si 8x1018-/cm3 namely, with the growth rate of BOOA / min The flow rate of 
material gas is doubled, a lightguide layer is continuously grown up for 15 seconds with the growth rate of 
1600A / min, and the lightguide layer of the last thickness for 400A is grown up with a double growth rate at 
the same time it grew up 0.16 micrometers and 0.16 micrometers grew. It was 30A, when the wafer was picked 
out from the reaction container after growth and surface roughness was measured like the example. When the 
rest grew up the barrier layer and p type layer and produced the laser component on this n mold lightguide 
layer like the example 1 , it has produced the laser component which has a property almost equivalent to an 
example 1. 

[0047] As mentioned above, although the wafer is picked out from the reaction container in the examples 3 
and 4 in order to measure the surface roughness after growing up n mold lightguide layer, without taking out 
from a reaction container, on a substrate, an actual laser component continues and is growing up the nitride 
semi-conductor layer to p mold contact layer. 

[0048] In the [example 4] example 1, when changed the etching rate, and the surface roughness of n mold 
lightguide layer 6 was made into 100A and also the laser component was obtained similarly, similarly the 
continuous oscillation of 1 hour was checked by threshold-current consistency 1.5 kA/cm2 and threshold 
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voltage 6V. 

[0049] In the [example 5] example 2, although continuous oscillation was not able to be checked when changed 
the abrasive material, and the surface roughness of n mold lightguide layer 6 was made into 150A and also the 
laser component was obtained similarly, the oscillation for 100 days was checked in pulse current of 200 
microseconds of pulse width, and 2ms of pulse periods. 
[0050] 

[Effect of the Invention] as explained above, the nitride semiconductor device of this invention touches n type 
layer which has detailed irregularity, and by growing up the barrier layer which has quantum structure, the 
output of a component boils it markedly and improves. This is guessed because the barrier layer containing an 
indium tended to become quantum dot structure and quantum box structure. Therefore, a long lasting laser 
component is realizable by high power. By having improved the laser component, as for the LED component 
used on conditions looser than a laser component, dependability also becomes good further. Moreover, it 
cannot be overemphasized that the technique of this invention is applicable to all the electron devices using 
nitride such as LED and not only a luminescence device like LD but a transistor, and FET. MOS. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

rQrawin^ J] The type section Fig. showing one structure of the conventional laser component. 

[Drawing 2] The type section Fig, showing the structure near the barrier layer of the nitride semiconductor 

device concerning this invention. 

[Qramng 3J The type section Fig. showing the structure of the laser component concerning one example of 
this invention. 
[Description of Notations] 

1 ... Silicon on sapphire 

2 ... Buffer layer 

3 ... n mold contact layer 

4 ... Crack prevention layer 

5 ... n mold cladding layer 

6 ... n mold lightguide layer 

7 ... Barrier layer 

8 ... p mold cap layer 

9 ... p mold lightguide layer 

10 ... p mold cladding layer 

11 ... p mold contact layer 

21 ... p electrode 

22 ... n electrode 

23 ... Pad electrode 
30 ... Insulator layer 



[Translation done.] 
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